Introduction
Since oxygen is an i m p o r t a n t e l e m e n t i n organic m a t t e r , i t i s of i n t e r e s t to study the path of oxygen i n plants, f r o m the time oxygen a s w a t e r i s taken u p b y plants to the t i m e i t i s given off a s gaseous oxygen. T h e half l i v e s of the radioactive i s o t o p e s of oxygen a r e a l l v e r y s h o r t , s o i n g e n e r a l i t is n e c e s s a r y f o r oxygen t r a c e r s t u d i e s to u s e one of the two stable i s o t o p e s o c c u r r i n g i n s m a l l percentage i n o r d i n a r y oxygen. T h e s e a r e oxygen-l'il and oxygen-18, with abundances of 0.03970 and 0.204% respectively.
T h e r e a r e s e v e r a l ways to d e t e c t these isotopes, s u c h a s m a s s s p e c t r o m e t r y , 17 n u c l e a r magnetic r e s o n a n c e (applicable only b 0 ) ), and d e n s i t y m e a s u r e m e n t s .
Another way is by activation a n a l y s i s , and the purpose of the w o r k r e p o r t e d h e r e was to investigate this oxygen-analysis method and to a p p l y th"e p r o c e d u r e to a study of the c h e m i c a l i n c o r p o r a t i o n of oxygen into algae. T o d o this e x p e r im e n t b y n u c l e a r magnetic r e s o n a n c e o r m a s s s p e c t r o m e t r y would h a v e involved l a r g e quantities of v e r y expensive c h e m i c a l s and ( o r ) d i s t r e s s i n g l y tedious p r oc e d u r e s f o r reducing a c o m p l e x s a m p l e to a l a r g e n u m b e r of s m a l l s a m p l e s d e r i v e d f r o m s o m e s e p a r a t i o n p r o c e s s . In the activation a n a l y s i s h e r e r e p o r t e d , e n t i r e c h r o m a t o g r a m s c a n be b o m b a r d e d and radiautographed, thus simplifying the analytical p r o c e d u r e and providing c h e m i c a l information a t the s a m e t i m e .
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Selection of I s o t o~e
Both the isotopes of oxygen that a r e suitable f o r t r a c e r w o r k , oxygen-17
and oxygen-18 a r e available in enriched f o r m . The isotope chosen in this work was 0 1 8 , which was used a s w a t e r in an enrichment of 20%. Calculations showed that 0 , 1 to P pg of 0 1 8 could e a s i l y be detected by radioactivity m e a s u r e m e n t s of F '~ i f a 4-Mev proton beam of 1 to 10 pa was allowed to hit the oxygen t a r g e t f o r a few minutes.
The amount of activity formed during a bombardment with 4-Mev protons -1 P during a few minutes i s roughly + t m ( 4 x PO ) disintegrations p e r unit time, w h e r e + i s the flux, t the bombardment time in minutes, and m the amount of 0 1 8 in pg. It was a l s o found that, a f t e r 1 hour of aging a bombarded sample of organic m a t e r i a l containing enriched 0 1 8 , interfering radioactivity f r o m carbon, nitrogen, and other oxygen isotopes was negligible i f protons of an e n e r g y of about 4 Mev had been used f o r the bombardment.
The meain reason f o r not using 0 1 7 was that it was not available in v e r y high enrichment (P to 1.870). Also, the only reaction that s e e m e d to be useful '~u b r i d~e , B a r n e s , Buck, and S t r a i n , Phys. Rev. 53, 447 (1938) .
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-L B l a s e r , Boehm, M a r m i e r , and S c h e r r e r , Helv. Phys. Acta -24, 473 (195 1).
Working: Conditions
The initial purpose of the work was to analyze qu-alitatively a n d , if p o s s i b l e , quantitatively f o r the oxygen that i s i n c o r p o r a t e d in different compounds i n 18 algae grown i n 0 -enriched w a t e r f o r a s h o r t period of t i m e . In o r d e r to s e p a r a t e the different compounds in a n alcohol e x t r a c t of the a l g a e , the e xt r a c t was concentrated and chromatographed i n one dimension with butancal-3 propionic acid-water solvent. T r a n s f e r of a P a p e r C h r o m a t o g r a m to a Metal S h e e t F o r these r e a s o n s i t was n e c e s s a r y to devise a method to t r a n s f e r the compounds of a developed one -dimensional p a p e r c h r o m a t o g r a m to a m e t a l sheet. This had to be done without changing the pattern of the compounds on the developed p a p e r , since this p a t t e r n i s u s e d to identify the compounds i n the different spots. After t r i a l s of different ways of s e r r a t i n g the edge of the p a p e r and of eluting the m a t e r i a l onto the s h e e t , including t r a n s f e r b y cloth and t r a n s f e r by ascending and descending elution, i t was found that good r e s u l t s a r e achieved with the apparatus shown i n F i g . 1. The c h r o m a t o g r a m w a s divided into 3 -to 4-inch pieces and the s e g m e n t s w e r e eluted one a t a t i m e .
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Apparatus f o r transferring a developed one -dim.ensional paper chromatogram to a metal sheet. A, metal supporting plate; B, tantalum sheet; C , heating tape under sheet; D, variable voltage control; E , sheet of b r a s s used to s e r r a t e edges of chromatogram.
One edge of the chromatogram was cut with a scalpel, using a s a pattern the edge of a piece of b r a s s that has the desired f o r m ( s e e Fig. 1E ). The cut paper edge was allowed to just touch a metal sheet B, which rested on the metal plate A , which was heated by means of a resistance strip. The elution sys tem was covered with a glass vessel. A row of drops was allowed to form while the plate was heated slightly. The heat w a s then regulated in such a way that the beginning of a row of drops was continually forming where the paper touched the metal sheet. The system was kept in that condition f o r about one hour, causing the eluted material to concentrate a t the edge of the paper. In addition to the heat, removal of the glass hood can be used a s a regulating factor. After 1 hour the heat was&ut off and a row of drops was allowed to form on the sheet. At no time were the drops allowed to coalesce, either on the paper o r on the sheet. Then the cover was taken away and the paper was lifted from the sheet. The heat was turned on and l e f t on until the drops on the sheet had evaporated. The paper was lowered again s o that i t touched the sheet about 1/2 c m beyond the f i r s t row of drops. The s y s t e m was again covered and another row of drops was allowed to form, but without heating. The evaporation was repeated. A third row of drops was then allowed to form 1/2 cm further f r o m the center.
In o r d e r to test the reliability of the t r a n s f e r by this technique, a paper chromatogram of c14-labeled sugar phosphates was developed in a s y s t e m of butanol-propionic acid, autoradiographed, and eluted by the above method.
After the elution the metal sheet and the paper were autoradiographed. The X -r a y film showed that the pattern of the chromatogram had been reproduced on the sheet (Figs. 2a, 2b) . A small amount of radioactivity was still left at the edge of the paper, but most of the active material had been eluted onto the plate.
Irradiation Development and Identification of Radioisotopes 18 If one i s to be able to trace spots containing 0 on a metal sheet by proton bombardment and autoradiography, the metal itself must not become radioactive, o r the radioactivity induced in the metal must have such a s h o r t half life that it disappears 1 to 2 hours a f t e r the bombardment, the time that the sheet can be aged. Two materials that fulfill these conditions a r e aluminum and tantalum. However, there a r e impurities in most m a t e r i a l s , copper, which has a very high capture c r o s s section f o r protons. By c a lculation i t was found that the copper content had to be lower than 0.005% to not interfere with the oxygen analysis. Very small impurities of zinc would also cause interfering radioactivity. The best aluminum available was said to have a purity of 99.99970 though s p e c t r a l analysis showed that the copper content was l a r g e r than O.OO1($oo. The oxide layer on aluminum does not i n t e r f e r e with the oxygen analysis a s , on a rough aluminum s u r f a c e , i t i s about 9 0 a -3 thick, having a specific gravity of 3, and thus contains only 3 x 10 pg of 18 2 0 p e r cm . P u r e aluminum and r e a c t o r -grade tantalum were tested in a preliminary 18 bombardment. In addition 0 -containing spots were applied to the metal sheets. The reason f o r testing the aluminum in spite of i t s impurities was that it i s an inexpensive and easily available material, compared to tantalum. 
Aluminum Target 18
The 0 was applied to the aluminum in the form of barium aluminate P 8 prepared from 0 -rich water by dissolving barium to a known concentration in such water and putting a known amount of this hydroxide solution onto the target, which was then heated in a vacuum oven in o r d e r to evaporate the w a t e r without exchange with the water molecules in the a i r . Two spots of this barium aluminate, each containing about 10 pg of 018? were applied to the plate together with a spot of barium aluminate prepared from ordinary water.
After the bombardment the target showed a very high radioactivity even after an again period of two hours (about 150 m r / h r at a distance of 1 cm).
No significant difference could be found between the a r e a with 0 1 8 -r i c h barium aluminate and the a r e a with ordinary barium aluminate. Twenty -four hours a f t e r the bombardment about one -third of the radioactivity m e a s u r e d a f t e r 2 hours9 aging still remained. One of the aluminate spots was washed off the target, and the radioactivity of the target was then m e a s u r e d . It remained the same a s before washing off the spot, which shows that the radioactivity originated f r o m impurities in the aluminum.
Tantalum T a r g e t 18
In o r d e r to obtain 0 -enriched organic m a t e r i a l , Chlorella pyrenoidosa was grown a t 2 4 '~, with shaking, f o r 2 days in 018-enriched water. One m l * of ordinary Myers medium was evaporated to dryness in a 5 -ml volumetric 18 flask. One m l of 20% 0 w a t e r t was added to the s a l t s and inoculated with 10% of algae suspension. Dry 4% C 0 2 in a i r was supplied to the culture a t a p r e s s u r e somewhat over 1 atmosphere in a closed vessel. Twice during the growth period the gas in the flask was flushed and renewed. The algae were centrifuged and washed twice with ordinary distilled water. Seventy-two pg 18 of the algae ( d r y weight), with a calculated 0 content of about 4 pg, w e r e applied in a water suspension to a tantalum sheet a s a drop, which was then evaporated.
After aging of the bombarded target f o r 2 hours, the radioactivity a t a distance of 1 cm was 5 m r / h r . An autoradiogram taken of the plate a f t e r 2.5 hours showed a black spot where the algae had been applied and a slight d a r k shadow on the whole a r e a where the beam had been hitting the target. Figure 3a shows the developed film. The exposure time was 12 minutes.
A y -r a y spectrum in the lower energy range was then taken of the target b y means of a hundred-channel pulse -height analyzer. The result i s shown in E n e r g y s p e c t r u m t a k e n b y a 100-channel X -r a y p u l s e -h e i g h t a n a l y z e r of a p r o t o n -b o m b a r d e d t a n t a l u m t a r g e t with a s p o t of 0 l8 -r i c h g r e e n a l g a e .
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The part of the plate containing the algae was then cut out f r o m the r e s t of the plate and the new energy s p e c t r a w e r e taken, which showed that the only peak derived flrom the algae alone was the 0.51 -Mev peak. The half life of the m a t e r i a l forming this peak was measured and found to be 1.8 0.1 h o u r s ( F i g . 5), 18
which agrees with the half life of F , 1.8 h o u r s . One of the half l i v e s of the radioactivity coming f r o m the tantalum was about 6 h o u r s .
After the e n e r g y measurements the t a r g e t was put together again and on the next day autoradiographed f o r 7 hours. The film, which is pictured i n F i g . 3b, shows that p a r t of the radioactivity i n the tantalum plate itself i s s t i l l l e f t while all activity f r o m the algae h a s disappeared. This a g r e e s with the results obtained by the half -life m e a s u r e m e n t s .
T a r g e t H o l d e r and T a r g e t Sheet
18 As the activation analysis method of-tracing 0 was developed i n o r d e r to analyze paper chromatograms of a length of about 10 i n c h e s , a t a r g e t plate of 0.006-inch-thick tantalum sheet about 10 inches long and 2 inches wide was used; i t was rotated i n front of the proton beam. A holder f o r the t a r g e t was constructed, in which the tantalum s t r i p was held a s a cylinder. On one edge of the target, s t r i p holes w e r e drilled, and s c r e w s held the s t r i p to the holder which was a round lucite plate. Thus one edge of the tantalum s t r i p was fastened to the holder, the o t h e r side was free. Inside the cylindrical s t r i p a jet of a i r was directed at the target point for cooling. The proton b e a m was collimated i nto a c r o s s -sectional a r e a 3/4 by 1/4 inch.
In the experiments described in the following sections, the total b o m b a r dment time was 2 hours with 4.5 & 0.2-Mev protons. The a v e r a g e c u r r e n t during this time was 2.75 pa. The target was rotated in front of the beam a t 160 r p m .
As the length of the target was about 10 inches and the width of the beam 1/4
inch, e v e r y spot was exposed to the beam f o r a total of 3 minutes. Sufficient a i r was blown onto the inner side of the t a r g e t a r e a to d i s s i p a t e the heat.
Sensitivity
The experiment just described showed that 72 pg of 0 1 8 -enriched algae containing 4 pg of 0 1 8 could be detected on a n autoradiogram of a tantalum The amounts of algae in the different spots were 85, 15, 7.5, 4, and 2 pg, and the amounts of 0 1 8 were 5, 1, 0.5, 0.2, and 0.1 pg, respectively.
A control sample of algae (actually a sample from the inoculating suspension) was also centrifuged and washed twice with distilled water. Three samples from a suspension of this algae were evaporated a s spots on the target sheet. The amounts of algae in the three control spots were 40, 4, and 2 pg. One hour and ten minutes a f t e r the bombardment, the radioautography of the target was begun. A variety of exposures w e r e made a f t e r different decay periods. A selection of these i s shown i n F i g . 7. It can be s e e n that in the f i r s t exposure in Fig. 7 there is still a r a t h e r strong activity i n the tantalum sheet. No such strong activity can be s e e n a t the exposure taken 3 hours a f t e r the bombardment, which means that in addition to the longlived activity there i s radioactivity induced in the tantalum with a v e r y s h o r t half life. Therefore, the tantalum target should be aged f o r 2 to 3 h o u r s before autoradiograms a r e made of it. As can be s e e n f r o m Fig. 7 , the best c o n t r a s t is achieved 2 to 4 hours a f t e r the proton bombardment. The eluted chromatogram shows three peaks of radioactivity which w e r e not identified but corresponded to the mono-and diphosphate and phosphoglyceric acid a r e a s on a paper chromatogram, a s they usually a p p e a r i n C1402 fixation experiments.
An autoradiogram was a l s o taken 18 h o u r s a f t e r the bombardment a s a test that v e r y little activity remained i n the spots. The exposure time was 7 hours. The developed film shows e x t r e m e l y slight black s p o t s , a fact that quite a g r e e s with the fact that the half life of F~~ i s 1.8 h o u r s . to a preliminary study of the path of oxygen i n g r e e n algae. T h r e e s h o r tt e r m photosynthesis products containing 0 1 8 w e r e observed. 
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